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ABSTRACT	  
The	  inability	  of	  universities	  to	  keep	  pace	  with	  the	  skills	  demands	  of	  rapidly	  evolving	  
industries	  has	  created	  a	  crisis	  in	  employability	  skills.	  	  Industry	  needs	  for	  systemic	  innovation	  
for	  business	  sustainability	  seem	  obvious,	  yet	  the	  message	  has	  got	  lost	  in	  translation	  en	  route	  
to	  the	  higher	  education	  sector.	  	  The	  lack	  of	  a	  shared	  language	  exacerbates	  the	  disconnect	  
between	  graduates,	  industry,	  academia	  and	  government.	  	  Understanding	  how	  skills	  are	  
described	  and	  applied	  in	  industry	  is	  an	  important	  step	  in	  deriving	  shared	  meanings	  that	  can	  
then	  feed	  curriculum	  development	  to	  address	  industry	  demands.	  
	  
We	  surveyed	  CEOs	  and	  senior	  managers	  in	  the	  Australian	  innovation	  and	  commercialisation	  
industry	  to	  assess	  skills	  requirements	  from	  a	  demand	  perspective	  as	  distinct	  from	  a	  
curriculum	  (supply)	  viewpoint.	  	  To	  overcome	  the	  limitations	  of	  an	  assumed	  language,	  we	  
populated	  the	  survey	  with	  an	  extended	  list	  of	  skills	  and	  then	  drew	  relationships	  around	  
interpretation	  through	  iterative	  quantitative	  exploratory	  factor	  analysis	  (EFA).	  	  	  
	  
First	  order	  EFA	  derived	  ten	  skills	  constructs	  that	  represent	  cognitive,	  intrapersonal	  and	  
interpersonal	  competencies	  as	  applied	  in	  this	  industry.	  	  Contrary	  to	  some	  21st	  Century	  skills	  
frameworks,	  knowledge	  –	  discipline-­‐specific	  and	  experiential	  –	  featured	  strongly.	  	  Leadership	  
emerged	  as	  a	  key	  skill.	  	  Further,	  our	  analysis	  discriminated	  between	  teamwork	  as	  an	  activity	  
internal	  to	  the	  firm	  and	  interprofessional	  collaboration	  directed	  externally	  towards	  clients.	  
Second	  order	  EFA	  revealed	  that	  industry’s	  perception	  of	  skills	  centre	  on	  organisational	  fit	  
and	  organisational	  success	  with	  an	  over-­‐arching	  performance	  dimension.	  	  Emphases	  on	  fit,	  
success	  and	  performance	  are	  not	  surprising	  as	  the	  demand	  perspective	  in	  a	  highly	  
competitive	  service-­‐oriented	  industry	  sector	  focused	  on	  bringing	  innovation	  into	  the	  
marketplace.	  	  	  
	  
From	  a	  curriculum	  design	  perspective,	  elements	  that	  enhance	  leadership,	  collaboration	  
across	  professions,	  systems	  thinking,	  information	  leverage	  and	  a	  service	  orientation	  in	  
graduates	  are	  a	  necessity.	  	  To	  address	  the	  performance	  dimension,	  framing	  a	  curriculum	  that	  
imparts	  the	  commercial	  imperative	  is	  perhaps	  the	  most	  important	  requirement.	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INTRODUCTION	  
Employers,	  education	  providers	  and	  youth	  live	  in	  parallel	  universes	  (Mourshed	  et	  al.	  2012).	  
Graduate	  employability	  and	  the	  employability	  skills	  gap	  in	  a	  changing	  economic	  landscape	  
has	  remained	  a	  core	  element	  of	  the	  greater	  education	  debate	  for	  over	  two	  decades.	  	  Early	  
calls	  by	  industry	  focused	  on	  teaching	  foundational	  business	  and	  soft	  skills	  necessary	  for	  
routine	  business	  function.	  	  However,	  an	  industry	  more	  advanced	  and	  sophisticated	  than	  20	  
years	  ago	  now	  demands	  an	  expanded	  skills	  set	  that	  can	  underpin	  systemic	  innovation	  
necessary	  to	  support	  business	  sustainability	  and	  growth	  in	  what	  are	  now	  pervasive	  
knowledge-­‐based	  economies.	  	  These	  demands	  are	  driven	  by	  factors	  such	  as	  the	  globalisation	  
of	  education,	  the	  impact	  of	  new	  technologies	  on	  workforce	  requirements	  and	  industry	  
dynamics,	  increased	  competition	  from	  rising	  mega-­‐economies	  and	  the	  ‘	  change	  as	  a	  constant’	  
dilemma.	  Within	  this	  rapidly	  evolving	  global	  landscape,	  universities	  are	  expected	  to	  play	  a	  
leading	  role	  in	  the	  transition	  to	  knowledge-­‐based	  economies	  through	  the	  supply	  of	  
technological	  innovation	  and	  skilled	  human	  capital.	  	  
	  
The	  current	  debate	  is	  about	  teaching	  a	  broadly	  defined	  set	  of	  cognitive	  and	  affective	  
capabilities	  labelled	  as	  21st	  Century	  skills	  that	  are	  considered	  to	  underpin	  career	  and	  life	  
success	  in	  knowledge	  economies	  (Pellegrino	  &	  Hilton,	  2012).	  	  The	  diversity	  between	  current	  
skills	  frameworks	  reflects	  the	  multiplicity	  of	  inputs	  from	  different	  stakeholder	  groups	  
(academic,	  industry,	  government,	  students),	  literature	  surveys	  and	  discipline-­‐specific	  
teaching	  and	  research	  views.	  	  While	  commonalities	  between	  frameworks	  are	  evident,	  some	  
important	  differences	  exist.	  	  For	  example,	  the	  cornerstone	  of	  university	  graduate	  capability	  
statements	  rests	  on	  the	  learning	  of	  discipline-­‐specific	  knowledge	  to	  be	  applied	  in	  a	  
professional	  context.	  	  Some	  skills	  frameworks	  emphasise	  a	  mastery	  of	  core	  disciplinary	  
subjects	  (e.g.,	  P21CS,	  2009)	  whereas	  other	  skills	  frameworks	  emphasise	  broadly	  based	  
functional	  knowledge	  relevant	  to	  personal,	  social	  and	  economic	  wellbeing	  arguing	  in-­‐depth	  
subject	  knowledge	  may	  never	  be	  applied	  once	  graduated	  (e.g.,	  OECD,	  2005).	  	  	  
	  
Our	  study	  undertook	  a	  quantitative	  and	  inductive	  exploratory	  examination	  of	  the	  
employability	  skills	  gap	  based	  on	  perceptions	  of	  senior	  management	  in	  the	  Australian	  
innovation	  and	  commercialisation	  (I&C)	  infrastructure	  as	  an	  example	  of	  a	  knowledge-­‐
intensive	  industry.	  	  Focused	  on	  bringing	  complex	  emergent	  technology	  to	  the	  marketplace,	  
the	  I&C	  industry	  operates	  in	  advance	  of	  most	  mainstream	  industries	  and	  can	  be	  considered	  
at	  the	  forefront	  of	  emerging	  human	  capital	  and	  skills	  requirements	  in	  the	  workplace.	  	  Our	  
approach	  examines	  the	  demand	  perspective	  of	  skills	  by	  exploring	  employers’	  interpretation	  
of	  application	  of	  skills	  in	  the	  firm.	  	  This	  paper	  reports	  on	  findings	  published	  in	  Collet	  et	  al.	  
(2015).	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METHODOLOGY	  
Our	  study	  methodology	  is	  detailed	  in	  Collet	  et	  al.	  (2015).	  	  Briefly,	  a	  list	  of	  skills	  was	  drawn	  
from	  sources	  including	  academic	  literature,	  government	  and	  think	  tank	  reports	  and	  multiple	  
disciplines	  of	  the	  EU	  Tuning	  Project	  (www.unideusto.org/tuningeu/competences).	  	  Given	  the	  
rapid	  evolution	  of	  the	  skills	  frameworks,	  our	  final	  list	  aimed	  to	  provide	  broad	  coverage	  of	  
skills	  rather	  than	  be	  comprehensive	  and	  to	  contextualise	  skills	  for	  a	  broadly-­‐based	  
knowledge-­‐intensive	  industry.	  	  Rather	  than	  a	  small	  number	  of	  skills	  items	  (<15),	  as	  
commonly	  found	  in	  industry	  surveys,	  we	  chose	  to	  use	  a	  larger	  number	  of	  skills	  items	  and	  
applications	  (>50)	  to	  avoid	  the	  compounding	  issues	  that	  may	  arise	  from	  assuming	  a	  shared	  
language	  and	  inferring	  an	  application	  in	  industry.	  	  	  
	  
The	  organisations	  targeted	  were	  knowledge-­‐intensive	  innovation	  entities	  and	  their	  adjuncts	  
–	  thus	  the	  targets	  span	  research	  organisations	  through	  to	  commercialisation	  consultancies	  
and	  venture	  capital	  firms	  (Table	  1).	  	  To	  improve	  response	  rates	  from	  the	  small	  Australian	  
industry,	  the	  survey	  was	  conducted	  by	  telephone.	  	  	  
	  
Table	  1:	  Categories	  and	  numbers	  of	  organisations	  surveyed	  from	  the	  Australian	  I&C	  sector.	  
	  
Organisation	  Type	   Number	  
Research	  Organisation	  
Research	  Institute	  
Research	  Centre	  
Research	  Facility	  
R&D	  Consortium	  
R&D	  Funding	  Agency	  
Commercialisation/Translational	  Organisation	  
Government	  Agency	  
Management	  &	  Financial	  Consulting	  
Commercial	  Law	  
Venture	  Capital	  
21	  
22	  
25	  
8	  
28	  
11	  
15	  
7	  
17	  
9	  
44	  
Total	   207	  
	  
We	  sought	  to	  test	  employer’s	  perceptions	  of	  a	  skills	  gap	  between	  the	  skills	  in	  demand	  and	  
the	  skills	  evident	  in	  graduate	  employees.	  	  Accordingly,	  for	  each	  of	  the	  final	  61	  skills	  items,	  
our	  survey	  asked	  two	  questions:	  
• How	  important	  (I)	  is	  the	  skill	  to	  your	  organisation?	  
• How	  evident	  (E)	  is	  the	  skills	  in	  the	  graduates	  you	  employ?	  
The	  questionnaire	  included	  a	  Likert	  5-­‐point	  scale	  with	  no	  neutral	  point	  to	  avoid	  courtesy	  bias	  
and	  eliminate	  ambivalence.	  	  Additional	  questions	  addressed	  organisational	  demographics	  
and	  credentials	  of	  the	  respondents	  and	  recently	  employed	  personnel.	  
	  
Responses	  were	  analysed	  using	  SPSS	  v21.	  	  Progression	  of	  analysis	  included	  a	  one-­‐tailed	  t-­‐test	  
of	  significance	  with	  Bonferroni	  correction	  (for	  61	  items,	  α	  =	  0.00082),	  on	  the	  difference	  
between	  means	  (i.e.,	  IM	  –	  EM	  for	  each	  item)	  and	  then	  classification	  of	  the	  IM	  –	  EM	  into	  
constructs	  using	  first	  order	  and	  secondary	  order	  exploratory	  factor	  analysis	  (EFA).	  	  The	  linear	  
association	  of	  items	  in	  the	  correlation	  matrices	  were	  evaluated	  using	  Kaiser-­‐Meyer-­‐Olkin	  
(KMO)	  tests	  and	  Bartlett’s	  Test	  of	  Sphericity	  (BToS).	  	  Constructs	  were	  extracted	  using	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principal	  component	  analysis	  (PCA)	  with	  Promax	  rotation,	  which	  assumes	  correlation	  
between	  variables,	  and	  Kaiser	  normalisation.	  	  Internal	  consistency	  of	  construct	  validity	  was	  
determined	  using	  Cronbach’s	  α	  coefficient.	  	  	  
RESULTS	  &	  DISCUSSION	  
Respondents	  
A	  survey	  response	  rate	  of	  45%	  was	  achieved	  with	  207	  responses.	  	  Respondents	  represent	  
mostly	  (94.2%)	  senior	  management,	  including	  32.4%	  from	  CEOs.	  	  The	  predominant	  industry	  
groups	  represent	  health	  and	  community	  services	  (20%),	  property	  and	  business	  services	  
(20%),	  agriculture,	  forestry	  and	  fishing	  (22%)	  and	  a	  miscellaneous	  group	  (26%).	  	  The	  
geographic	  focus	  of	  the	  organisations	  ranked	  as	  international	  (49.8%),	  national	  (39.6%),	  
regional	  (8.2%)	  and	  local	  (2.4%).	  Respondents	  represent	  a	  highly	  credentialed	  population:	  
42%	  had	  a	  PhD	  as	  their	  highest	  qualification,	  23.5%	  has	  Masters	  and	  34%	  graduated	  with	  a	  
Bachelor’s	  degree.	  
A	  Skills	  Gap?	  
The	  perceived	  importance	  (average	  IM	  =	  3.6)	  of	  all	  61	  skills	  items	  in	  the	  workplace	  was	  
ranked	  significantly	  higher	  (P<0.001)	  than	  the	  perceived	  evidence	  (average	  EM	  =	  2.78)	  of	  the	  
skills	  in	  graduates.	  	  This	  finding	  empirically	  confirms	  industry	  concerns	  voiced	  over	  the	  last	  
20	  years	  in	  surveys	  of	  the	  US,	  UK	  and	  Australian	  employer	  groups	  (see	  Collet	  et	  al.,	  2015).	  	  A	  
perception	  of	  a	  skills	  deficiency	  in	  graduates	  implies	  industry	  considers	  that	  productivity	  is	  
hampered	  by	  a	  poor	  graduate	  suitability	  for	  the	  workplace.	  	  	  
Skills	  Mapping	  –	  1st	  Order	  EFA	  
Our	  study	  incorporates	  a	  number	  of	  innovative	  approaches.	  	  We	  focus	  on	  the	  experiential	  
perceptions	  of	  senior	  managers	  of	  what	  graduates	  as	  a	  cohort	  bring	  to	  an	  organisation	  and	  
what	  is	  important	  to	  that	  organisation	  to	  operate	  in	  an	  industry	  that	  leverages	  knowledge	  
and	  innovation	  for	  commercialisation	  purposes.	  In	  contrast	  to	  most	  industry	  surveys,	  our	  
survey	  targets	  a	  homogeneous	  sector	  that	  comprises	  a	  diversity	  of	  organisational	  types	  
focused	  on	  a	  defined	  outcome.	  	  	  
	  
To	  avoid	  any	  limitations	  imposed	  by	  an	  assumed	  language,	  as	  often	  found	  in	  industry	  surveys,	  
we	  populated	  the	  survey	  with	  an	  extended	  list	  of	  skills.	  We	  sought	  to	  quantitatively	  
interrogate	  the	  relationships	  around	  interpretation	  of	  skills	  application	  in	  the	  workplace	  
context	  using	  EFA.	  	  Rather	  than	  simply	  compare	  values	  and	  rankings	  of	  IM	  and	  IE,	  we	  sought	  
to	  operationalize	  the	  employability	  skills	  gap	  by	  using	  a	  scale	  development	  technique	  that	  
focuses	  on	  the	  perceived	  difference	  between	  skills	  important	  to	  the	  organisation	  and	  those	  
evident	  in	  graduates	  (i.e.,	  IM	  –	  EM).	  	  This	  approach	  mirrors	  use	  of	  the	  consumer-­‐based	  
Expectation-­‐Confirmation	  Model	  (Poister	  &	  Clayton-­‐Thomas,	  2011)	  and	  SERVQUAL	  in	  
researching	  service	  quality	  (Ladhari,	  2009).	  Furthermore,	  use	  of	  Promax	  rotation	  does	  not	  
pre-­‐empt	  the	  complex	  relationships	  between	  skills	  and	  the	  dependencies	  known	  to	  underpin	  
skill	  development	  (Lai	  &	  Viering,	  2012;	  Pellegrino	  &	  Hilton,	  2012).	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The	  KMO	  statistic	  (0.924)	  and	  BToS	  (χ2	  =	  8347,	  df	  =	  1830,	  p<0.001)	  indicate	  the	  matrix	  is	  
factorable.	  	  First	  order	  EFA	  revealed	  ten	  skills	  constructs	  that	  account	  for	  63.5	  %	  of	  the	  
variance	  (Table	  2).	  	  All	  constructs	  have	  Eigenvalues	  of	  >	  1	  and	  Cronbach	  α	  values	  in	  excess	  of	  
0.7	  indicating	  a	  high	  level	  of	  internal	  reliability	  in	  outcomes.	  	  
	  
Table	  2:	  Ten	  skills	  constructs	  are	  resolved	  by	  first	  order	  PCA	  with	  Promax	  rotation	  and	  Kaiser	  normalisation.	  
	  
Skills	  Construct	   Eigenvalue	   Cronbach	  α	   %	  Variance	  
Knowledge	   20.800	   0.905	   34.098	  
Enterprise	  Leadership	   5.327	   0.911	   8.732	  
Business	  Function	   2.067	   0.839	   3.389	  
Technical	  Management	   1.967	   0.880	   3.225	  
Team	  Worker	   1.792	   0.794	   2.937	  
Interprofessional	  Collaboration	   1.594	   0.845	   2.613	  
Leadership	  Antecedence	   1.429	   0.713	   2.343	  
Progress	   1.358	   0.839	   2.227	  
Improve	   1.235	   0.828	   2.024	  
Create	   1.195	   0.794	   1.958	  
Cumulative	  Variance	  	   	   	   63.5	  
	  
Importantly,	  the	  resolution	  of	  the	  individual	  skills	  items	  in	  the	  higher	  order	  constructs	  
reflects	  the	  task-­‐related	  application	  of	  that	  skill	  in	  the	  knowledge-­‐intensive	  industry	  sector	  
(Table	  3).	  	  Thus	  our	  analysis	  provides	  an	  interpretation	  of	  skills	  from	  the	  demand	  perspective	  
that	  is	  distinct	  from	  the	  supply	  (curriculum)	  side.	  	  	  
	  
The	  skills	  construct	  Knowledge	  reflects	  the	  learning	  and	  leveraging	  of	  information	  in	  an	  
organisational	  sense	  that	  contributes	  to	  intellectual	  capital	  (Table	  3).	  	  Enterprise	  Leadership	  
reflects	  higher	  order	  actions,	  attitudes	  and	  personalities	  focused	  on	  furthering	  new	  ventures.	  
Business	  Function	  reflects	  core	  business	  knowledge	  important	  for	  organisational	  functioning.	  	  
Technical	  Management	  reflects	  that	  careers	  in	  the	  industry	  are	  built	  on	  a	  higher	  level	  of	  
discipline	  knowledge	  and	  technical	  application	  including	  leadership	  of	  projects	  that	  are	  client	  
focused.	  	  Team	  Worker	  comprises	  self-­‐skills	  that	  promote	  effective	  performance	  of	  teams	  
within	  an	  organisation.	  	  Interprofessional	  Collaboration	  reflects	  active	  collaboration	  and	  
communication	  with	  other	  professional	  disciplines.	  	  In	  this	  industry,	  the	  long	  value	  chain	  
spans	  many	  diverse	  disciplines	  and	  complex	  relationships.	  	  Leadership	  Antecedence	  contains	  
enterprising	  skills	  that	  contribute	  to	  performance	  dynamics	  and	  career	  success.	  	  Improve	  
comprises	  skills	  relating	  to	  lifelong	  learning.	  	  Progress	  comprises	  skills	  that	  contribute	  to	  
successful	  transition	  of	  technology	  to	  the	  marketplace.	  	  Create	  reflects	  a	  focused	  practice	  to	  
create	  new	  knowledge.	  	  The	  separation	  of	  knowledge	  related	  skills	  into	  the	  higher	  order	  
constructs	  of	  Knowledge	  (gathering/filtering/sharing)	  and	  Create	  (building)	  reflects	  the	  
classic	  distinctions	  of	  Evaluation	  and	  Synthesis	  made	  by	  Bloom	  (1956).	  
	  
Although	  the	  sector	  is	  considered	  highly	  entrepreneurial,	  entrepreneurship	  as	  a	  construct	  
did	  not	  resolve,	  possibly	  reflecting	  the	  pervasiveness	  of	  enterprising	  behaviours	  per	  se	  across	  
the	  sector.
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Table	  3:	  61	  skills	  items	  resolve	  as	  10	  skills	  constructs	  in	  first	  order	  EFA.	  
	  
	  
Skills	  Construct	   Variables	  Loading	  in	  Construct	   Factor	  Load	  
#1	  
Knowledge	  
Evaluate	  information	  and	  data	  
Accurately	  report	  information	  
Synthesise	  information	  and	  data	  
Accurately	  document	  information	  from	  different	  sources	  
Critically	  question	  
Communicate	  effectively	  with	  discipline	  specialists	  
Understand	  essential	  concepts	  relating	  to	  the	  specific	  discipline	  
Share	  new	  knowledge	  with	  others	  
Basic	  general	  knowledge	  in	  technical	  area	  
Retrieve	  information	  from	  different	  sources	  
0.849	  
0.846	  
0.845	  
0.816	  
0.704	  
0.662	  
0.622	  
0.594	  
0.532	  
0.531	  
#2	  
Enterprise	  Leadership	  
Lead	  a	  new	  venture	  
Marshal	  resources	  for	  a	  new	  enterprise	  
Identify	  key	  people	  in	  a	  venture	  
Gain	  management	  support	  for	  a	  new	  enterprise	  
Inspire	  others	  
Negotiate	  
Knowledge	  of	  administrative	  systems	  
Form	  an	  effective	  team	  
Willingness	  to	  take	  risks	  
Work	  effectively	  in	  uncertain	  environments	  
Influence	  team	  behaviour	  to	  promote	  positive	  team	  outcomes	  
Plan	  business	  ventures	  
Recognise	  an	  opportunity	  
Work	  autonomously	  
Adapt	  to	  new	  situations	  
0.784	  
0.783	  
0.773	  
0.708	  
0.703	  
0.680	  
0.670	  
0.658	  
0.657	  
0.645	  
0.610	  
0.599	  
0.570	  
0.523	  
0.458	  
#3	  
Business	  Function	  
Knowledge	  of	  accounting	  
Knowledge	  of	  financial	  systems	  
Knowledge	  of	  general	  principles	  of	  law	  relating	  to	  business	  
Knowledge	  of	  marketing	  
0.835	  
0.804	  
0.781	  
0.732	  
#4	  
Technical	  Management	  
Manage	  a	  project	  
Mentor	  
Reach	  a	  timely	  independent	  decision	  
Apply	  knowledge	  in	  practice	  
Build	  positive	  customer	  relations	  
Apply	  discipline	  knowledge	  to	  solution	  of	  problems	  of	  an	  unfamiliar	  nature	  
Apply	  discipline	  knowledge	  to	  solution	  of	  problems	  of	  a	  familiar	  nature	  
Deep	  knowledge	  of	  a	  specific	  discipline	  
0.760	  
0.704	  
0.695	  
0.693	  
0.672	  
0.668	  
0.661	  
0.657	  
#5	  
Team	  Worker	  
Behave	  in	  a	  non-­‐judgmental	  manner	  
Respond	  positively	  to	  feedback	  
Appreciation	  of	  cultural	  diversity	  
Reflect	  on	  own	  performance	  
Interpret	  team	  dynamics	  
Awareness	  of	  roles	  and	  responsibilities	  of	  team	  members	  
0.763	  
0.682	  
0.658	  
0.623	  
0.589	  
0.553	  
#6	  
Interprofessional	  Collaboration	  
Adapt	  one’s	  own	  skills	  and	  knowledge	  to	  fit	  with	  other	  professionals	  
Work	  collaboratively	  with	  other	  professions	  
Work	  in	  an	  interdisciplinary	  team	  
Communicate	  effectively	  with	  non-­‐experts	  
Appreciation	  of	  the	  client's	  perspective	  
0.807	  
0.766	  
0.698	  
0.693	  
0.670	  
#7	  
Leadership	  Antecedence	  
Effective	  written	  communication	  skills	  
Effective	  oral	  communication	  skills	  
Strong	  action	  orientation	  
Drive	  to	  succeed	  
0.710	  
0.694	  
0.609	  
0.556	  
#8	  
Progress	  
Knowledge	  of	  commercialisation	  pathways	  
Understanding	  of	  technology	  valuation	  
Understand	  emerging	  technology	  and	  its	  potential	  impact	  
Understanding	  of	  new	  product/service	  development	  processes	  
0.788	  
0.766	  
0.715	  
0.708	  
#9	  
Improve	  
Responsibility	  for	  continuing	  professional	  learning	  
Initiative	  for	  continuing	  professional	  learning	  
0.833	  
0.810	  
#10	  
Create	  
Acquire	  new	  external	  knowledge	  
Assimilate	  new	  external	  knowledge	  with	  existing	  knowledge	  
Create	  new	  knowledge	  
0.716	  
0.610	  
0.564	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Eight	  of	  the	  higher	  order	  skills	  constructs	  map	  to	  the	  three	  domains	  noted	  by	  Pellegrino	  &	  
Hilton	  (2012)	  of	  cognitive	  competencies	  (Knowledge,	  Create,	  Business	  Function,	  Technical	  
Management,	  Progress),	  interpersonal	  competencies	  (Interprofessional	  Collaboration)	  and	  
intrapersonal	  competencies	  (Team	  Worker,	  Improve).	  	  Two	  constructs	  contain	  elements	  that	  
span	  competency	  domains.	  	  Leadership	  Antecedence	  features	  skills	  considered	  interpersonal	  
and	  intrapersonal.	  	  The	  construct	  reflects	  that	  careers	  in	  the	  industry	  require	  high	  
motivational	  drivers	  and	  well-­‐developed	  communication	  skills.	  	  Enterprise	  Leadership	  
contains	  skills	  that	  span	  all	  three	  domains	  of	  competency	  and	  recognises	  that	  new	  ventures	  
are	  the	  focus	  of	  the	  industry.	  	  	  
Skills	  Mapping	  –	  2nd	  Order	  EFA	  
A	  second	  round	  of	  EFA	  was	  conducted	  on	  the	  ten	  higher	  order	  constructs	  to	  examine	  
relationships	  between	  skills	  constructs.	  	  The	  KMO	  statistic	  (0.917)	  and	  BToS	  (χ2	  =	  1201,	  df	  =	  
45,	  p<0.001)	  indicate	  the	  correlation	  matrix	  is	  suitable	  for	  PCA.	  	  Two	  metaconstructs	  with	  
Eigenvalues	  >	  1	  accounting	  for	  68	  %	  of	  the	  total	  variance	  were	  revealed	  (Table	  4).	  	  	  
	  
Table	  4:	  Two	  metaconstructs	  resolve	  in	  second	  order	  EFA	  that	  describe	  the	  career	  of	  an	  individual.	  
	  
Skills	  MetaConstruct	   Eigenvalue	   Cronbach	  α	   %	  Variance	  
Organisational	  Fit	   5.558	   0.635	   55.6	  
Organisational	  Success	   1.272	   0.911	   12.7	  
Cumulative	  Variance	  	   	   	   68.3	  
	  
The	  two	  metaconstructs	  describe	  domains	  of	  function	  of	  the	  individual	  in	  an	  organisational	  
context	  in	  the	  Australian	  I&C	  sector	  (Table	  5).	  	  Organisational	  Fit	  describes	  the	  individual’s	  fit	  
into	  an	  organisation’s	  structure,	  strategy	  and	  culture.	  	  The	  metaconstruct	  encompasses	  basal	  
level	  knowledge	  and	  skills	  required	  to	  function	  in	  the	  organisation.	  	  On	  the	  other	  hand,	  
Organisational	  Success	  describes	  the	  higher	  order	  skills	  associated	  with	  a	  successful	  career	  in	  
the	  sector	  in	  that	  the	  metaconstruct	  encompasses	  knowledge	  and	  skills	  learned	  
experientially.	  	  Graduates	  enter	  the	  industry	  as	  technical	  experts	  and	  learn	  basic	  business	  
and	  management	  as	  they	  rise	  in	  the	  organisation.	  	  Careers	  are	  based	  on	  picking	  potentially	  
winning	  technologies	  and	  progressing	  these	  successfully	  to	  the	  marketplace.	  	  	  
	  
Table	  5:	  10	  skills	  constructs	  resolve	  as	  2	  metaconstructs	  in	  second	  order	  EFA.	  
	  
Skills	  MetaConstruct	   Variables	  Loading	  in	  Metaconstruct	   Factor	  Load	  
#1	  
Organisational	  Fit	  
Knowledge	  
Interprofessional	  Collaboration	  
Create	  
Team	  Worker	  
Leadership	  Antecedence	  
Improve	  	  
0.872	  
0.792	  
0.789	  
0.745	  
0.734	  
0.705	  
#2	  
Organisational	  Success	  
Enterprise	  Leadership	  
Progress	  
Business	  Function	  
Technical	  Management	  
0.895	  
0.849	  
0.822	  
0.816	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Knowledge	  as	  a	  Skill	  	  
The	  employability	  skills	  discourse	  features	  an	  equivocal	  role	  for	  knowledge.	  	  	  
	  
In	  some	  21st	  Century	  skills	  frameworks,	  knowledge	  has	  been	  defined	  in	  the	  narrow	  sense	  as	  
the	  gathering	  and	  processing	  of	  information	  (Pellegrino	  &	  Hilton,	  2012)	  or	  in	  a	  broad	  sense	  
within	  the	  context	  of	  everyday	  tasks	  (OECD,	  2005).	  	  In	  contrast,	  other	  frameworks	  emphasise	  
discipline-­‐specific	  knowledge	  as	  a	  foundation	  for	  higher	  order	  understanding	  and	  critical	  
thinking	  skills	  (P21CS,	  2009).	  	  	  
	  
Our	  analysis	  underscores	  the	  important	  role	  of	  knowledge	  from	  two	  perspectives:	  discipline-­‐
specific	  knowledge	  derived	  from	  explicit	  training	  and	  experiential	  learning	  in	  the	  firm.	  
Resolution	  of	  the	  constructs	  Knowledge	  and	  Technical	  Management	  reflect	  the	  baseline	  of	  
discipline-­‐specific	  technical	  knowledge	  required	  in	  this	  industry	  and	  the	  reliance	  on	  the	  firm-­‐
centred	  acquisition,	  evaluation,	  synthesis	  and	  management	  of	  knowledge	  in	  the	  process	  of	  
commercialisation	  of	  a	  product.	  	  The	  constructs	  Business	  Function	  and	  Progress	  reflect	  the	  
senior	  management	  contribution	  to	  company	  operations	  and	  plotting	  pathways	  for	  the	  
commercialisation	  of	  complex	  technological	  innovations.	  	  	  
Teamwork	  versus	  Collaboration	  	  
While	  teamwork	  is	  a	  skill	  central	  to	  all	  frameworks,	  our	  analysis	  has	  bisected	  the	  various	  
skills	  items	  into	  intrapersonal	  skills	  that	  contribute	  to	  effective	  performance	  of	  a	  team	  (Team	  
Worker)	  and	  interpersonal	  skills	  directed	  externally	  to	  facilitate	  positive	  organisational	  
outcomes.	  	  In	  the	  latter	  construct,	  Interprofessional	  Collaboration	  encompasses	  an	  
interdisciplinary	  environment	  that	  features	  interactions	  with	  professionals	  and	  non-­‐
professionals	  and	  a	  service	  orientation.	  	  The	  latter	  construct	  reflects	  the	  diverse	  nature	  of	  
the	  organisations	  that	  value-­‐add	  to	  the	  intellectual	  property	  along	  the	  innovation	  and	  
commercialisation	  pipeline	  and	  the	  complex	  relationships	  required	  when	  no	  one	  
organisation	  manages	  the	  entire	  pipeline.	  	  	  
	  
Our	  constructs	  also	  make	  a	  distinction	  between	  interdisciplinarity	  and	  interprofessionalism,	  
whereas	  these	  terms	  are	  sometimes	  used	  interchangeably	  in	  allied	  health	  disciplines.	  	  In	  our	  
analysis,	  the	  skills	  around	  knowledge	  leverage	  and	  application	  resolve	  in	  other	  constructs	  
whereas	  Interprofessional	  Collaboration	  focuses	  on	  adaptive	  behaviours	  to	  achieve	  
outcomes.	  	  
Leadership	  	  
Leadership	  skills	  feature	  throughout	  our	  constructs	  and	  are	  intuitive	  for	  an	  industry	  that	  
brings	  technological	  innovation	  to	  the	  marketplace.	  	  Leadership	  Antecedence,	  Enterprise	  
Leadership	  and	  Technical	  Management	  all	  feature	  elements	  encompassing	  leadership	  skills.	  	  
The	  metaconstruct	  Organisational	  Success	  reflects	  leadership	  and	  experience	  as	  enablers	  of	  
success	  for	  the	  individual	  and	  the	  organisation	  in	  building	  on	  the	  commercial	  progression	  of	  
innovation.	  	  The	  emphasis	  on	  leadership	  highlights	  this	  as	  an	  emerging	  skills	  requirement	  for	  
companies	  striving	  to	  maintain	  their	  competitive	  edge.	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Organisational	  Fit	  +	  Organisational	  Success	  =	  Performance	  Requirement	  	  
Our	  skills	  constructs	  infer	  an	  emphasis	  on	  outcomes	  focused	  on	  the	  commercial	  imperative,	  
rather	  than	  present	  a	  process	  orientation	  characteristic	  of	  curriculum.	  	  This	  is	  reinforced	  by	  
resolution	  of	  two	  metaconstructs	  that	  centre	  on	  organisational	  purpose	  –	  fit	  and	  success.	  
Employers	  perceive	  graduate	  skills	  first	  from	  the	  perspective	  of	  fit	  where	  skills	  support	  the	  
competitiveness	  and	  market	  advantage	  of	  the	  firm.	  	  In	  turn,	  organisational	  fit	  promotes	  
success	  of	  the	  individual	  and	  the	  firm.	  	  Individual	  performance	  appears	  to	  emerge	  as	  an	  
inherent	  theme	  that	  underpins	  the	  industry	  perspective	  of	  graduate	  skills.	  	  Such	  a	  view	  is	  
understandable	  in	  knowledge	  intensive	  industries	  operating	  in	  a	  globalised	  economy	  where	  
capacity	  to	  drive	  innovation	  to	  the	  marketplace	  is	  the	  major	  competitive	  advantage.	  	  	  
Implications	  
Our	  study	  provides	  insights	  into	  the	  perspectives	  and	  application	  of	  skills	  in	  a	  knowledge	  
intensive	  industry	  from	  the	  eyes	  of	  senior	  managers	  undertaking	  the	  commercialisation	  of	  
innovation.	  That	  the	  demand	  side	  of	  graduate	  skills	  focuses	  on	  the	  commercial	  imperative	  
and	  individual	  performance	  within	  the	  firm	  reflects	  concerns	  witnessed	  in	  industry	  surveys	  
and	  think	  tank	  and	  government	  reports	  over	  the	  last	  20	  years	  (see	  Collet	  et	  al.,	  2015).	  	  Thus	  
our	  findings	  appear	  to	  apply	  more	  broadly	  to	  knowledge	  intensive	  industries	  in	  general.	  	  In	  
knowledge	  intensive	  industries,	  graduates	  need	  to	  perform	  competently	  and	  effectively	  to	  
meet	  not	  only	  a	  diversity	  of	  workplace	  contexts	  but	  also	  the	  commercial	  expectations	  
centred	  on	  organisational	  purpose.	  	  While	  work	  integrated	  learning	  initiatives	  have	  assisted	  
in	  promoting	  industry	  focused	  learning	  environments,	  there	  is	  little	  evidence	  they	  have	  fully	  
bridged	  the	  employability	  skills	  gap.	  	  	  
	  
Our	  study	  points	  to	  skills	  in	  demand	  by	  knowledge	  intensive	  industries:	  leadership,	  
interprofessional	  collaboration,	  systems	  thinking,	  information	  leverage	  and	  service	  
orientation.	  	  There	  are	  recent	  accounts	  in	  the	  literature	  of	  teaching	  addressing	  these	  skills	  
but	  not	  as	  part	  of	  mainstream	  curriculum.	  	  Perhaps	  the	  most	  important	  skills	  relate	  to	  an	  
understanding	  of	  the	  commercial	  imperative	  and	  the	  need	  for	  high-­‐level	  performance	  
attributes.	  	  	  
	  
How	  can	  current	  curricula	  be	  redesigned	  to	  address	  a	  landscape	  that	  is	  rapidly	  evolving,	  
highly	  competitive	  and	  focused	  on	  business	  sustainability	  through	  systemic	  innovation?	  	  	  
	  
Knowledge,	  disciplinary	  specific	  and	  its	  management,	  remains	  the	  paramount	  consideration	  
of	  knowledge	  intensive	  industries.	  	  As	  the	  convergence	  of	  disciplines	  accelerates	  and	  
continues	  to	  fuel	  innovation	  and	  industrial	  evolution,	  the	  demand	  for	  technical	  knowledge	  
will	  increase.	  	  The	  demand	  will	  not	  be	  for	  mastery	  of	  a	  single	  discipline	  but	  rather	  fluency	  in	  
multiple	  disciplines	  as	  increased	  technical	  knowledge	  will	  be	  required	  to	  address	  complex	  
problem	  solving	  and	  decision	  making	  processes.	  	  Such	  demands	  are	  already	  being	  witnessed	  
in	  industry	  (Saflund,	  2007;	  Frey	  and	  Osborne,	  2013).	  	  	  
	  
The	  challenge	  remains	  to	  deliver	  a	  high	  level	  of	  technical	  skills	  (from	  multiple	  disciplines)	  
coupled	  with	  skills	  focused	  on	  the	  commercial	  imperative.	  	  Comprehensive,	  integrated	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curricula	  are	  required	  where	  business	  concepts	  and	  tools	  are	  embedded	  in	  technology-­‐
based	  disciplines	  to	  prepare	  students	  for	  commercial	  realities.	  	  Furthermore,	  such	  courses	  
need	  to	  be	  mainstream	  rather	  than	  boutique	  (e.g.,	  Collet	  &	  Wyatt,	  2005;	  Barr	  et	  al.,	  2009;	  
Thursby	  et	  al.,	  2009).	  	  Our	  study	  highlights	  a	  career	  and	  organisational	  progression	  not	  
uncommon	  in	  reality	  –	  from	  technical	  expert	  to	  technical	  manager	  to	  management	  –	  that	  is	  
rarely	  supported	  by	  an	  integrated	  education	  process.	  	  In	  this	  knowledge	  intensive	  industry	  
where	  discovery	  is	  transitioned	  through	  application	  to	  implementation,	  management	  
provides	  an	  extension	  to	  science	  and	  technology	  underpinning	  the	  organisation	  rather	  than	  
as	  an	  add-­‐on	  activity	  as	  envisaged	  by	  business	  schools.	  	  In	  an	  educational	  context,	  there	  is	  
need	  for	  science	  and	  technology	  disciplines	  and	  business	  education	  to	  bridge	  the	  gap	  to	  
deliver	  the	  graduates	  demanded	  by	  today’s	  knowledge	  intensive	  industries	  (Roos,	  2014).	  	  
	  
It	  is	  not	  that	  employers	  have	  failed	  to	  clearly	  articulate	  their	  demands	  to	  the	  higher	  
education	  sector	  as	  they	  have	  responded	  ad	  infinitum	  to	  surveys	  dominated	  by	  simple	  lists.	  	  
The	  failure	  to	  derive	  a	  shared	  language	  between	  stakeholders	  that	  facilitates	  second	  and	  
third	  generation	  skills	  frameworks	  that	  are	  widely	  accepted	  and	  validated	  in	  industry	  
settings	  represents	  the	  missed	  opportunity	  for	  graduates.	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